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SUMMARY 

The performance of a pair of tubular turbojet combustors intercon- 
nected by a 3- inch- inside-diameter ceramic-lined pilot chamber at the 
crossover tube position was investigated to determine the utility of the 
pilot chamber for improvement of hi^-altitude combustion efficiency, 
lean limits, and minimum engine speed. The pilot chamber was supplied 
with air from the combustor -inlet section and with sufficient fuel to 
maintain stoichiometric fuel-air ratios in the pilot chamber. 

At pressures above 7,3 potmds per square inch, absolute, the, com- 
bustion efficiency of the combustors was not improved by the use of the 
pilot chamber except near the lean blow-out llmitj at lower pressures, 
the combustion efficiency was slightly Improved by the pilot chamber at 
all fuel-air ratios investigated. At windmilling conditions, the ig- 
nition limits of the combustors were increased several thoxisand feet by 
using the pilot chamber rather than a low-energy spark as an ignition 
source. The pilot chamber extended the lean limits of the combiistors, 
permitting lower m.i.nimimi engine rotational speeds below 45,000 feet 
altitude. Above that altitude the pilot chamber was ineffective, because 
combustion blow-out occurred at higher presstares in the pilot than in 
the main combustors. 

The results of the investigation leave some doubt as to whether the 
pilot chamber offers sufficient perfoimance ia^irovements to justify the 
additional weight and complication of its installation on turbojet engines. 


INTRODUCTION 

External ceramic-lined pilot chambers for turbojet engines have been 
proposed as a means of ir^rovlng altitude ignition and operating charac- 
teristics. A 3-inch-dia2neter ceramic-lined pilot chamber designed to 
fire directly into two adjacent tubxalar combustion chambers throu^ 
ceramic-lined cross-over tubes was developed at the Battelle Memorial 
Institute (refs. 1 and 2). Stoichiometric fxiel-air ratios were. inde- 
pendently maintained in the pilot even at veiy low over-all combustor 
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fviel-air ratios, Niewoehner and Hazard (ref. 2) conducted an extensiva 
investigation of the effect of such a pilot on the performance of two 
J47 combustors at a combustor-inlet pressure of 1 atmosphere. In addi- 
tion, the performance of a pilot chamber operating alone in a closed- 
duct system was determined down to pressures as low as 3 pounds per square 
inch absolute. From the results obtained, it appeared likely that the 
pilot would act as a very stable zone of combustion for both reignltion 
of the turbojet combustors after flame-out and maintenance of efficient 
combus'tlon at the lean fuel-air ratios required for engine Idling at 
hi^er alti tildes. 

While the previous investigations (refs. 1 and 2) indicated distinct 
potential advantages in cambustor performance with the external piloting 
system, the investigations were limited to operating conditions above 
atmospheric pressui^s. The research described herein, which was con- 
ducted at the MCA Lewis laboratory, is an extension of the program to 
subatmospheric inlet pressures with tubular combustors to determine the 
magnitude of the indicated improvements cited in the earlier tests. Com- 
bustion performance was determined with the two tubular combustors oper- 
ating alone, the pilot chamber operating alone, and both the pilot and 
the combustors operating together. Performance was evaluated in terms of 

(1) Combustion efficiency and lean blow-out limits at a combustor 

refei^nce velocity of 80 feet per second, an inlet temperature 
of 268° F, and a pressure range of 2.9 to 15 pounds per square 
inch absolute 

( 2 ) Ignition limits, which were determined for a combustor-inlet air 

temperature of 10° F and over a range of total air flows for 
the pilot and the two combustors from 0.75 to 3 pounds per 
second 

( 3 ) Altitude operating limits, which were determined at simulated 

engine rotational speeds above 2000 rpm 

The pilot chamber and combtistor test eqxaipment used in this research 
were furnished by the Battelle Memorial Institute. Grateful acknowledge- 
ment is extended to. R. W. Niewoehner of that laboratory for assistance 
in conducting the expeiimental program. 


APPARATUS 

Installation 

A schematic diagram of the installation is shown in figure 1. Roam- 
temperature combustion air or refrigerated air was drawn from the labo- 
ratory air- supply system, passed througdi the ccmbustors, and discharged 
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into the altitude exhaust system, permitting operation in the test section 
at press\ires as low as 2.5 pounds per sq,uare inch absolute. Combustor- 
inlet temperatures were controlled by passing a portion of the inlet air 
throtigh a heat exchanger located in a bypass line upstream of the test 
section. The heat exchanger was supplied with hot exhavist gases from a 
gasoline “fired slave combustor. !Hie quantity of air flowing throtagh the 
heat exchanger, the total air flow, and the combustion- chamber static 
pressure were regulated by remote-controlled valves with bypass-line 
valves for fine adjustment of flow and pressaare. The two tubular combus- 
tors are from an axial-flow turbojet engine in the 90- to 100-pound-per- 
second air-flow class . 


Pilot Chamber 

A view of the pilot-chamber installation with the paxr of turbojet 
combustors is shown in figaire 2. The pilot chamber was mounted on a sec- 
tion of a modified compressor rear-frame casting, and pilot air was taken 

from the combtis tor -inlet diffuser throaagh a by l^inch slot machined 

-Lo 2 

in the leading edge of the V-shaped divider between the combustor inlets. 
The air entered the pilot chamber thrcnigh the mounting pad by which the 
pilot was bolted to the compressor rear frame. There was no provision 
for manual regulation of the air flow to the pilot chamber during this 
investigation. 

A sketch of the pilot chamber is shewn in figure 3. The pilot con- 
sisted of (l) a 4-inch-outslde-diameter stainless-steel shell with a 
l/2-inch-thick lining made of K-30 Insulating firebrick and (2) an 
unlined air-entry section 3 Inches in Inside diameter. The two sections 
were connected by a V-band coupling to allow the pilot chamber to be 
disassembled easily for inspection and cleaning. The pilot fuel nozzles 
were moimted on a segment of a circular disk that blocked approximately 
70 percent of the pilot inlet cross section and served as a flame stabi- 
lizer (fig. -3) . Two f;ael nozzles were ■used to simula'te more closely the 
flow characteristics of -the standard duplex fuel nozzles used in the 
J47 combustors. The two nozzles •were s-wirl-type hollow-cone spray nozzles, 
rated at 1.35 and 8.30 ga.ill.ons per hour (at a pressure differential of 
100 Ib/sq in.), inclined toward each other at an angle of 15° to obtain 
even flame distribution at the two outlets of the pilot chamber. Two 
2-inch-inside -diameter ceramic-lined exhaust tubes opened into the J47 
combustors at the normal cross-over tube location. The cross-over tube 
openings in the combiistor liners were enlarged to acconmodate the pilot 
outlets. 


Fuel and Ignition Systems 

The f-uel system is shown diagrammatically in figure 4. Tie flows 
to the large and small slots of the combustor duplex nozzles and the large 



4 


MCA KM E54E11 


V 


and small nozzles of the pilot chamber were regulated approximately in 
accordance with the pressure-flow schedule of the engine fuel flow di- 
vider. The larger openings in each case were used only when the pressure 
in the small openings exceeded 27 poxmds per square inch. The total fuel 
fljow and proportional flow to the large slots of the combustor and the 
large pilot nozzle were regulated by needle valves. MIL-F-5624A^ grade 
JP~4^ fuel was ■used throxjighout the investigation. 

The spark ignition system consisted of a conventional spark plug 
connected to a 5000-volt^ 60~cycle, 250-volt -ampere transformer. 


Instrumentation 

Combustors . - Total temperatures and pressures were measiured at the 
three stations indicated in figure 1. The position of the Instruments 
in each of the three planes is shown in figm*e 5. Combustor-inlet total 
temperattires and pressures ■were measured with four baxe-jmction un- 
shielded iron-constantan thermocouples and nine total -pressiire txibes at 
station 1 (fig. 5(a)). Cambus tor -outlet total temperat^ures and pres svtres 
were meas^ured with 30 bare -.junction unshielded chromel-alxmiel thermo- 
couples at station 2 (fig. 5(b)) and 18 total-pressxnre tubes at station 
3 (fig. 5(c)). All Instnxments were located at approximate centers of 
equal areas. Static-presstire orifices were instsilled at •the ■walls as 
shown in figures 5(a) and (c) . 

The ■thermocouples ■were connected to self-beilancing indicating 
potentiometers. The total -pressure probes and wall static-press\n:e taps 
were connected to common well manometers. A mercury manometer was used 
for measuring the gage sta^tic pressures. Total fuel flow and fuel flow 
to the pilot were measxired by calibrated rotame-ters, and air flow was 
metered thro;;i^ concentric -hole ^ sharp-edged orifices. 

Pilot chamber . - An estimate of the air flow throu^ the pilot 
chamber was obtained with a calibrated pitot tube installed in the pilot 
chamber as shown in figure 3. Measurements of the dynamic and static 
pressures were obtained with an Inclined U-t^ube manometer and an atmos- 
pheric reference manometer. A bare-junctlon chromel-alumel thermocouple 
imbedded in the ceramic lining of the pilot chamber with the tip almost 
exposed to the flame zone served to indicate flame -outs in the pilot 
chamber . 


PROCEDURE 

Combxistion Efficiency and Leem Blow-Out 

Comparison of. the combustion efficiency and lean blow-out limits of 
xhe tubular combustors with and without the pilot chamber in operation was 


3361 



KACA EM E54E11 


5 


made at inlet-air static pressiires of 2 . 2 , 3.9, 7.3, and 14.7 pounds per 
square inch, absolute, an inlet-air temperature of 268° F, and a reference 
velocity of 80 feet per second. The reference velocity is based on the 
maximum cross-sectional area of the comtoxistor (0.48 sq ft) and the density 
of the inlet air. It was necessary to disassemble the pilot chamber after 
each series of tests to remove the carbon deposits formed by fuel crack- 
ing in the STna.11 nozzle passages. This condition could probably be 
corrected by proper design changes. 

Combustion efficiency was computed as the percentage ratio of actual 
to theoretical increase in enthalpy from combustor -inlet to -outlet 
instrumentation planes by using the methods of reference 3. The arithmetic 
mean of the 30 outlet thermocouple readings was used to obtain the valTie 
of combustor-outlet enthalpy. 


Ignition 

Throu^out the investigation, the pilot fuel flow was adjusted to 
maintain an approximately stoichiometric fuel-air ratio within the pilot 
chamber, since there was no manual control of the pilot air flow. The 
pilot chamber had no spark 'pluigj thus, on li^t-off, the pilot-chamber 
outlets served the purpose of cross-ignition tiibes, igniting the pilot- 
chamber gases from the flame in either combustor. Ignition and blow-out 
in the pilot chamber were detected by a change in the reading of the 
single thermocouple imbedded in the ceramic lining. For ignition tests, 
where the pilot flame was Tjised as a source of ignition, the combustors 
were lighted momentarily in order to start the pilot. The combustor 
fuel flow was then shut off while the pilot remained lighted for the 
subsequent reignition tests of the two combxistors. Ignition tests were 
made at a constant combustor -inlet temperattire of approximately 10° F 
and total air flows of 0.75, 1.5, and 3.0 pounds per second (total air 
flow Included flow through the pilot and both combustion chambers). 

The m-T irtimim ccmbTistor-inlet pressvires at which the combustors would 
light, at any fuel-air ratio, were determined with the pilot as an 
ignition source and with a low-energy spark in each combustor as an igni- 
tion source . 


Altitude Operating Limits 

The altitude operating limits of the combustors with and without 
the use of the pilot were determined over a range of engine speeds 
from 25 to 85 percent’ of maximum rated speed in the following manner: 

At a given simulated condition of altitixde and engine speed, all 
inlet- air conditions were held constant and the fuel flow was in- 
creased until either the required temperatTire rise was attained, the 
combustor-outlet teaiperature decreased with further increase in fuel flow. 
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or combustion blow-out occurred. If tbe required temperature rise was 
attained, tbe point was considered in tbe operating region for the 
engine) if either of tbe other two occurrences was encovintered, tbe 
point was considered in the nonoperating region for tbe engine, lEhls 
procedure was repeated for enoiigb engine operating points to determiue 
the limiting altitiide for engine operation at each engine speed for 
a simulated fli^t Mach number of 0,6, 


RESULTS IS 

to 

Data on combiistion efficiency, flame blow-out, ignition, and 
altitude operating limits obtained in the combustors with and without 
tbe pilot chamber in operation are presented in table I. 


Combustion Efficiency and Lean-Limit Blow-Out 

Tbe combiistion efficiency of tbe combustors with and without tbe 
pilot chamber in use is shown as a function of over-all fuel-air ratio 
in flginre 6. At 14.7 and 7,3 pounds per square inch (figs. 6(a) sind 
(b) ) , combustion efficiency was improved by tbe use of tbe pilot only 
for lean over-all fuel-air ratios; at tbe two lowest pressxares of 3.9 
and 2.9 pounds per square inch (figs. 6(c) and (d)), combustion efficiency 
was improved at all fuel-air ratios. The lean fuel-air-ratio limits of 
operation were extended somewhat by tbe use of tbe pilot at all pressures 
investigated. 


Ignition Limits 

A comparison of ignition limits obtained with electric -spark and 
pilot-chamber flame sources is presented in flg\are 7. The ignition limits 
are shown as functions of combustor-inlet total pressure and totaJ. air 
flow at a constant ccanbustor-inlet total temperature of 10° F. At a 
total air flow of 3 pounds per second the combustors bad an ignition 
pressure limit of 6.1 pounds per square inch absolute with tbe pilot 
chamber and 7.6 pounds per square inch absolute with the spark ignition 
system. Tbe blow-out limits for the combustors operating without the 
pilot and for tbe pilot operating without combustors are shown in figure 
7 by broken lines. For tbe combustor tests, the criterion of blow-out 
was tbe loss of flame in both combustors. It may be noted from figure 
7 that, over most of tbe range of air flow investigated, the pressure at 
which blow-out occurs in tbe pilot alone is about 0.7 potind per square 
inch bi^er than that at which ’the combustors blow out . 


A curve representing air flows and pressures in the combustors 
for engine windmilling conditions, approximately 2100 rpm (data from 
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ref. 4), is also included in figure 7, Pressure altitudes at a fli^t 
Mach, number of O.b are indicated along this line. Ihe point of inter- 
section of the combustor blow-out curve with this windmilling line is 
at a pressure altitude of about 47,000 feet. The point of intersection 
of the two ignition-limit curves with the windmilling line is at a 
pressure altitude of about 25,000 feet for the low-energy-spark system 
and about 33,000 feet for the pilot chamber. 


Altitude Operating Limits 

The altitude operating limits of the combustors with and without 
the pilot chamber in use are shown in figure 8. The pilot chamber 
extended the mini mum engine rotational speed at an altitude of 20,000 
feet from 2500 to less than 2000 rpm. The extension of m1 n1 nnam operating 
speeds by use of the pilot decreased with increasing altitude until, at 
45,000 feet, the minimum speed was the same with or without the pilot. 
Pilot blow-outs above 45,000 feet are indicated by the broken line. 


HESCUSSION 

Combustion efficiencies for an operating pressure of 14.7 pounds 
per square inch absolute from reference 2 were approximately duplicated 
at the Lewis laboratory. This coniparison is shown in figure 9. Com- 
bustion efficiency would not be expected to be influenced by the use 
of the pilot at conditions of hi^ fuel-air ratios where the pilot fuel 
flow is a STTiall percentage of the total fuel flow. For very lean ftiel- 
air ratios, however, where the pilot fuel flow would be a larger portion 
of the total fuel flow, the pilot should have a greater effect on the 
over-all efficiency. Thus, as expected, at combTJs tor-inlet pressures 
above 7.3 pounds per square inch absolute, combustion efficiency was 
increased only near the lean limits of operation; at the lower inlet 
pres stores, an increase in efficiency was noted at all ftoel-air ratios 
(fig. 6) . It would also be expected that the use of the pilot wotild 
extend the lean blow-out limit of the combustors to lower over-all fuel- 
air ratios, since the pilot passes a very small percentage of the total 
air flow and btuns it at stoichiometric fuel-air ratios. Unstable 
operation of the pilot, noted particularly at ccmbustor-inlet pressures 
of 3.9 and 7.3 pounds per square inch absolute, however, may accoiint for 
the fact that the pilot did not ex±end the lean limit of operation 
appreciably at these conditions. 

The pilot chamber increased the ignition limits of the combustors 
several thousand feet over those of a low-energy spark source at engine 
windmilling speeds. !The maximum altitiide at which the combustors can 
be ignited at windmilling speeds by any sotirce of ignition is about 
47,000 feet, since the ccmbustor bloW-out line intercepts the windmilling 
curve at this altitude (fig. 7) . 
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The pilot chamber In its present configuration had blow-out limits 
approximately 0.7 pound per square inch higher than the combustors over' 
the range of air flows investigated. These pilot blow-out limits are 
in fair agreement with data presented in reference 2, as shown in figure 
10. At low altitudes, where the pilot is not pressure-Hmited, the 
stoichiometric pilot fuel-air mixture produces sufficient temperature 
rise, even without the combustors in operation, to satisfy the low-engine - 
speed temperature -rise requirements. The minimum engine rotational speeds 
are therefore extended, as noted in figure 8. At high altitudes (above 
45,000 ft in fig. 8), the pilot chamber can no longer extend the imLnimum 
engine speed because of the relatively hii^' pres sure blow-out limit of 
the pilot with respect to the engine combustors. 

The installation of a piloting device STjch as the one discussed 
herein on a turbojet engine has several inherent disadvantages, such as 
added wei^t, mechanical complication, and maintenance. The pilot 
chamber must therefore effect marked combustor improvements to warrant 
its installation. The results of this investigation indicate that the 
combustion efficiency, lean limit, and altitude engine operating limit 
of the combustors were not greatly improved with the use of the pilot 
chamber. The ignition limits at engine windmiHing speeds, however, 
were increased eight thousand feet. 

It is not within the scope of this report to determine whether or 
not the ccmbustor performance improvements shown by the tise of the pilot 
chamber are large enough to warrant pilot -chamber installations on these 
engines. It is likely, however, that, for an equal expend! txare of 
effort, turbojet combustors could be designed to operate at high altitudes 
equally well with less additional weight and mechanical cco^lication. 


SUMMART OP REaJLTS 

The restilts of an investigation of the lov-pressvire performance of 
a pair of tubtilar ccmbustors equipped with an external pilot chamber are 
as follows; 

1. The over-all ccsubiostion efficiency of the system was not in- 
creased by the use of the pilot chamber at combustor-inlet pressures 
above 7.3 poxmds per square inch absolute except near the lean blow-out 
limits. The combustion efficiency was increased at all f'uel-air ratios 
Investigated at pressures below 7.3 pounds per square inch absolute. 

2. The blow-out pressure limit was about 0.7 pound per square inch 
‘higher for the pilot chamber than for the combustors; thus, the altitude 

combustion limit for the pilot was lower than that of the combustors. 
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3. Pllot-chajTtber operation extended the lean limit of the combustors j 
consequently, the minimum engine speed was extended by the use of the pilot 
chamber at altitudes below 45,000 feet, where the pilot chamber was not 
pressure-limited. 

4. For engine windmilling speeds, the ignition limits of the com- 
bustors were improved by several thousand feet by using the pilot chamber 
rather than a low-energy spark as an ignition source. 


Lewis Fligdit Propulsion Iiaboratory 

National Advisory Committee for Aeronautics 
Cleveland, Ohio, May 7, 1954 
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TABLE I. - EXPERIMEaSTAL BATA 
(a) Over-eilL combustion efficiency with pilot ’burning. 


Run 

Combustor- 
inlet 
pressure, 
Ib/sq in. 
abs 

Estimated 
pilot air 
flow, 
Ib/sec 

Total 

air 

flow, 

Ib/sec 

Combustor 

reference 

velocity, 

ft/sec 

Over -all 
fuel-air 
ratio 

Combustion 

efficiency, 

percent 

Combustor- 

inlet 

temper- 

ature. 

Op 


1 

14.7 

0.07 

IB 

79 

0.0188 

88.3 

264 

1410 

2 





.0130 

90.8 

267 

mo 

3 





.0097 

92.4 

268 

920 

4 





.0077 

93.9 

270 

800 

5 





.0052 

88.3 

271 

615 

6 





.0028 

90.3 

267 

465 

^•7 



■1 


.00076 


268 

335 

8 

7.25 

0.033 

2.10 

79 

0.0206 

85.7 

266 

BI|^H 

9 





.0160 

88.5 

270 


10 





.0126 

95.0 

268 


11 1 





.0091 

87.3 

270 


■^12 





.0061 

97.6 

269 


®13 

1 




.0011 ' 

— 

268 


14 

3,93 

0.025 

1.14 

— 

0.0219 

82.8 ! 


1500 

15 



1.15 


.0187 

85.8 ! 


1310 

16 

j 

! 

1.14 


• .0149 j 

73.7 i 


1050 

c,di7 



1.12 

BB 

.0097 

74.9 ' 


800 

18 

2.93 

0.018 

0.86 


0.0262 

71.6 

261 

1520 ' 

19 



.86 


.0169 

77.6 

261 

1180 

-20 



.87 


.0148 ' 

65.1 

260 

950 

e,£21 



.85 


.0117 

30.9 

260 

525 




.85 


.0127 

37.8 

260 

610 



1 

.86 


.0104 ] 

37,9 

277 

560 


^-Pilot burning only, 
incipient blov-out of corabuetors. 
^Ccm^lete blow-out of combustors. 
^Blow-out of pilot. 

®Blow-out of one combustor only. 
^Pilot operation unstable. 
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MBLE I. - Continued- EXPERIMEMML DAIEA. 

(t) Over-all combustion efficiency without pilot ‘burning. 


Run 

Combustor- 
Inlet 
pressure, 
Ib/sg In. 
abs 

Estimated 
pilot air 
flow, 
lb/ sec 

Total 
air 
flow, 
lb/ sec 

Combustor 

reference 

velocity, 

ft/sec 

Over-all 

fuel-air 

ratio 

Combustion 

efficiency^ 

percent 


Combustor- 

outlet 

average 

tenqper- 

ature. 

Op 

24 

14.7 

0.07 

4.20 

81 

0.0202 

87.6 

290 

1500 

25 



4.18 

78 

.0162 

90.4 

267 

1290 

26 



4.17 

78 

.0128 

92.0 

266 

1105 

27 



4.20 

79 

.0092. 

94.9 

274 

910 

28 



4.20 

78 

.0063 

96.6 

265 

715 

29 



4.16 

78 

.0037 

80.0 

271 

500 

'*’30 



4.18 

78 

.0024 

72.6 

268 

400 

31 

7.25 

0.033 

2.11 

80 

0.0206 

85.8 

268 

1475 

32 



2.11 

80 

.0160 

90.2 

270 

1280 

33 



2.10 

80 

.0124 

91.1 

268 

1080 

34 



2.10 

80 

.0093 

86.1 

268 

850 

35 



2.10 

80 

.0061 

80.2 

267 

630 

®36 



2.10 

80 

.0050 

74.7 

267 

550 

37 

3.93 

0.025 

1.14 

80 

0.0227 

76.6 

272 

1455 

36 



1.12 

79 

.0198 

76.7 

275 

1325 

39 



1.10 

77 

.0157 

74.7 

270 

1100 

®40 



1.125 

79 

.0111 

48.0 

270 

660 

41 

2.93 

0.018 

0.835 

79 

0.0263 

72.0 

265 

1535 

42 



! .855 

80 

.0215 

67.3 

261 

1260 

43 



.865 

81 

.0164 

67.9 

261 

1050 

^4A 



.850 

80 

.0137 

59.4 

261 

850 


^Incipient hlow-out of combustors 
®Blow-out of one combustor only. 
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TABLE I. - Continued. EXEERXMBNTAL ItAXA 


(c) Combustor and pilot "blow-out.® 


Run 

Cooib\istor- 
Inlet 
pressure, 
Ib/sq In. 
a"bs 

Total air 
flow, 
lb/ sec 

Combustor 

reference 

velocity, 

ft/sec 

Combustor - 
Inlet 

temperature , 

Conibxiator Ijlow-out 

45 

4.73 

3. 

0 

111 

2 

46 

4.95 



108 

11 

47 

4.93 



108 

u 

48 

4.58 



116 

10 

49 

5.23 ■ 



102 

10 

50 

4.68 



114 

9 

51 

2.88 

1. 

5 

93 

13 

52 

2.93 



91 

10 

53 

2.88 


, 

92 

9 

54 

2.38 

• 

75 

57 

16 

55 

2.68 



' 50 

11 

56 

2.38 



56 

13 

Pilot "blow-out 

57 

5.64 

3. 

0 

94 

8 

58 

5.90 

3. 

0 

90 

7 

59 

3.53 

1.5 

75 

11 

60 

3.68 

1. 

5 

73 

12 

61 

2.80 

• 

75 

48 

15 

62 

2.62 

• 

75 

51 

16 


^Points recorded at T?low-out. 
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5CAHtE I. - Caatinued. EZPERIMEEPEAL XATA 


(d) Spark and pilot ignition. 


Bun 

Comibustor- 
inlet 
pressure, 
Ib/sq, in. 
abs 

Total air 
flow, 
Ib/sec 

Combustor 

reference 

velocity, 

ft/sec 

Ccanbustor- 

inlet 

tenrperature. 

Ignition 

Spark ignition 

63 

3.27 

0. 

75 

41 

13 

Yes 

64 

2.78 



48 

14 

No 

65 

3.05 



44 

13 



66 

3.76 

1. 

5 

70 

8 



67 

4.25 



62 

8 

1 


68 

5.49 



48 

7 

Yes 

69 

4.98 



53 

6 



70 

4.62 



57 

7 



71 

6.95 

3. 

0 

75 

0 

No 

72 

7.68 



68 

2 

Yes 

73 

7.98 



66 

3 

Yes 

Pilot ignition 

74 

2.94 

0. 

75 

46 

16 

Yes 

75 

2.98 



46 

20 

No 

76 

3.20 



42 

20 

Yes 

77 

4.17 

1.5 

63 

17 



78 

7.35 

3. 

0 

72 

9 



79 

6.85 

1 


78 

9 



80 

6.12 

1 


87 

9 

No 
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lABLE I. - Concluded. EXEESOJiEmL DATA 
(e) Altitude operating limits vith and vithout pilot burning. 


Run 



Combtistor- 
inlet 
pressure, 
Ib/sq. in. 
abs 



Total air 
flow, 
lb/ sec 



Comb'ustor- 

inlet 

temperature, 

% 



Simulated 

flight 

altitude, 

ft 



Simulated 

engine 

speed, 

rpm 

WLtb pilot burning 

— 

c,Jqi 

3.81 

1.66 


40, 

000 

2500 


3.03 

1.55 

40 

50, 

000 

3500 

c><3.03 

4.40 

2.02 

18 

40, 

000 

3000 

“^^84 

4.64 

2.02 

15 

40, 

000 

3000 

^85 

9.05 

3.6 

66 

20, 

000 

2500 


8.36 

3.0 

68 

20, 

000 

2000 

Withxmt pilot burning 

°87 

3.43 

1.4 

-26 

40, 

000 

2000 

“88 

3.86 

1.64 

-3 



2500 

^89 

4.40 

2.0 

14 



3000 


5.12 

2.4 

34 



3500 

^1 

3.86 

1.9 

75 

50, 

000 

4000 

?92 

3.22 

1.54 

48 

55, 

000 

4000 

J93 

4.45 

1.8 

207 

65, 

000 

6000 

^94 

3.03 

1.16 

212 

75, 

000 

6000 


®Pilot burning only. 

“incipient blow-out of combustors. 
“Complete blow-out of combustors . 
rBlow-out of pilot. 

Operable point. 
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AtmoBp]jerlc exhaust 

t 


Preheat air 



-Exbauflt regulating 
valves 


Twin tubular combustors 
with pilot chamber 


s 




1 CP-3627 1 


Figure 1. - Installation of oombustora and pilot. 


-Preheat 

combustor 
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Figure 2. - Three-quarter view of pilot Installatiaa on pair of tubular combustors. 
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Flame stabilizer- 


Tbormocoxiple- 


‘K-30 Firebrick 
Ijhaing approximately 
i thick 
Z 



|||P|i 


liiiifiiSBii liBi 


Air entry to 
pilot chamber 


Pitot tube- 


Tw fuel nozzles 
inclined at 15^ 
to chamber axis- 



CD- 3630 


Section B-B 



Section A-A 


Two air outlets j 
2” I.D.j lined 
with K-30 firebrick 


Figure 3. - Sketch of ceramic-lined pilot chamber. 
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Figure 5 
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-Without pilot 
-With pilot 


O Combustors *wlth pilot 
D Combustors without pilot 
■ Blow-out 

h Op^ation of stoichiometric 
pilot alone (no blow-out) “ 


(a) Combustor -inlet pressure, 14.7 pounds per square inch absolute 


' y 

With pilot-/ 
-Without pilo’ 


Over -all fuel-air ratio 

(b) Ccmibustor-lnlet pressure, 7.3 pounds per square inch absolute. 

Figiire 6. - Combustion efficiency of pair of tubular combustors with and 
without pilot chamber In operation. Operating conditions: inlet tem- 

perature, 268® F; combustor reference velocity, 80 feet per second. 
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CombuBtiou efficiency, percent 
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Over-all fuel-air ratio 

(d) Combustor -inlet pressure, 2.9 pounds per square inch absolute. 

Figure 6. - Concluded. Combustion efficiency of pair of tiibixlar com- 
bustors vlth and without pilot chamber in operation. Operating 
conditions: inlet, temperature, 268° Fj combustor reference velocity, 

80 feet per second. 
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r-i 

CO 

to 

to 



0 .5 1.0 1.5 2.0 2.5 3.0 3.5 

Total air flow, Ib/aec 


Figx- 7. - Ignition limits of pair of tubular combustors showing absolute*.pressure 
blow-out limits of coxnbustors and pilot. Inlet tenqjeratmre, 10° F. 
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\ 



Over-all fuel-air ratio 

Figure 9. - Comparison of combustion efficiency of pair of tubu- 
lar combustors with pilot chamber In operation with data from 
reference 2. Operating conditions: inlet pressure, 14.7 

pounds per square inch absolute; combustor refere^ice velocity, 
80 feet per second. 
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Pilot reference velocity, ft/sec 

Figure 10. - Cougar ison of absolute blov- 
out limits of pilot chamber operating at 
stoichiometric fuel-air ratios vith data 
of reference 2. 
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